Tissue transglutaminase (tTG) is upregulated in various cells undergoing apoptosis. To investigate the transcriptional regulation of tTG a mouse strain carrying a b-galactosidase reporter gene under the control of a 3.8 kilobase fragment of the tTG promoter was characterised. The transgene construct was shown to be expressed in the apoptotic regions of the mouse embryo. Here we report that the regulation of the transgene is also apoptosis-linked in adult animals. The transgene is induced in endocrine apoptosis involving mammary gland involution and corpus luteum regression. Induction of the reporter gene is detectable during in vivo but not in vitro apoptosis of thymocytes induced by the glucocorticoid receptor, the nur77, p53 and the retinoid receptorg mediated pathways. Additionally, the lacZ expression mimics the activation of the endogenous promoter in tissues characterised by high apoptotic turnover. These results suggest that the apoptosis-specific transcriptional regulation of tTG is mediated through elements of a 3.8 kb promoter and may require cosignals available only in tissue environment. Cell Death and Differentiation (2000) 7, 1225 ± 1233.
Introduction
Apoptosis is a physiological process to eliminate unwanted cells. As a result of intense research activities of the last couple of years many molecular aspects of this active cell death process have been revealed including the existence of different apoptosis signalling pathways and the crucial role of caspases and the mitochondrion. It has been proposed that in living cells all the elements of the death machinery are constitutively expressed, but their action is suppressed by the presence of survival factors. 1 However, there are several sets of data suggesting that the initiation of apoptosis in many tissues depends upon the expression of new genes. 2 ± 4 Furthermore, the activation of a number of nuclear receptors (e.g. steroid, thyroid, retinoid receptors) and p53 initiates apoptosis through transcriptional regulation. 5 ± 8 Even enzymes, closely related to the execution of death ± such as caspases and endonucleases ± may be induced upon the appearance of death signals. 9, 10 One such inducible enzyme of apoptosis is tissue transglutaminase.
Members of the transglutaminase enzyme family catalyse the calcium dependent posttranslational modification of proteins by crosslinking polypeptide chains through their glutaminyl and lysyl residues. 11 These isopeptide bonds make protein polymers stable and resistant to enzymatic, chemical and mechanical disruption. One member of the transglutaminase family is tTG that is present in various cell types. In embryos this enzyme is expressed during chondrogenesis, in developing heart, liver and choroid plexus. 12 In adults the enzyme displays high concentrations in erythrocytes, activated macrophages, endothelial cells and smooth muscle cells. 13 It crosslinks extracellular matrix proteins, like fibrin, fibronectin, vitronectin, entactin and osteopontin during cartilage differentiation and wound healing. 14, 15 It also functions as a G-protein deemed necessary in transducing signals via the a 1 adrenergic receptor to phospholipase C, 16 and possibly participates in the regulation of cell growth and proliferation by modifying the retinoblastoma protein. 17 The apoptosis of many cell types, including hepatocytes, thymocytes and epithelial cells of the involuting mammary gland has also been associated with the induction of tTG expression. It has been concluded that the enzyme is induced and activated in most forms of physiological cell death, particularly in cell death during morphogenesis and endocrine regulated tissue remodelling. 18 The finding that tTG is induced in various forms of apoptosis has provided a tool to learn about the regulation of the inducible genes of apoptosis in vivo. For this purpose two founder lines of a transgenic mouse strain (TG26 and TG27) carrying the 3.8 kilobase fragment of the tissue transglutaminase promoter coupled to b-galactosidase reporter enzyme were characterised. 19 It has been previously shown that the transgene displays specific pattern of expression during limb development. It is expressed in cartilage, the cells of the apical ectodermal ridge, and in regions of apoptotic cell death of the interdigital mesenchyme. While, however, there was a general agreement between the expression of the transgene and the endogenous transglutaminase at regions of chondrogenesis and sites of apoptosis of limb, no expression of the transgene was found in embryonic heart and liver where high tTG expression was detected. It was also shown that the expression of the reporter gene is much lower and consequently more restricted in the TG26 lineage possibly due to the different integration sites or to the different number of integrated transgene copies.
The aim of the present experiments was to study the expression pattern driven by this promoter fragment in different tissues of grown-up animals, in particular in tissues where high rate of apoptosis can be induced by various signalling pathways. Here we show that the transgene construct is active in adult mice. The introduced promoter fragment is capable of stimulating the reporter enzyme expression in tissues characterised by high apoptotic turnover, in the thymus in response to different apoptotic signalling pathways, in involuting mammary gland and during corpus luteum regression. Furthermore, the construct is not induced in thymocytes undergoing apoptosis under in vitro conditions strengthening the suggestion that in vivo studies are required to understand the full biological program of apoptosis.
Results
Activity of the transglutaminase reporter construct in the thymus of transgenic mice Transgenic mice TG26 and TG27 carrying the 3.8 kb fragment of the tTG promoter 19 were successfully bred in our laboratory. Because all the previous studies were carried out in embryonic age of these mice, in the first phase of our studies we had to determine whether the introduced transgene construct was active in grown up animals. In order to gain answer to this question, the thymus and its involution process were chosen as a model. In the experiments four weeks old TG27 mice were used, because at this age the endogenous tTG expression is easily detectable in the thymus and can be induced by glucocorticoids 7 ( Figure 1A ). All the experiments were conducted on transgene carrying and wild-type littermates (non-carriers) in order to exclude any aspecific result.
The expression of the reporter gene was monitored both at mRNA and protein level. The transcripts of the lacZ gene were detectable by RT-PCR (3rd lane in Figure 1B ). The expressed enzyme protein was also detectable by ELISA technique ( Figure 1C ). Additionally the reporter enzyme activity could also be measured (48100+4120 RLU/h/mg protein after subtracting the value of the non-carriers) ( Figure 1D ). These results undoubtedly prove that the transgene construct can be active in adult mice.
To ascertain whether the reporter construct responds to any apoptotic signal, TG27 mice were injected with dexamethasone that induces thymus involution. The treatment resulted in elevated tissue transglutaminase activity ( Figure 1A ), increased levels of b-galactosidase mRNA detected by semiquantitative RT-PCR ( Figure 1B) and protein ( Figure 1C) , and a 5.5 times higher activity compared to untreated littermates ( Figure 1D ).
Apoptosis linked expression
To further study the possible link between apoptosis and the expression of the transgene construct, systematic 
Thymus involution
Apoptosis plays an essential role in shaping the T lymphocyte repertoire. Immature T-cells are susceptible to various apoptotic signals including (a) dexamethasone, a ligand for the glucocorticoid receptor; 5 (b) anti-CD3 monoclonal antibody that activates the TCR (T-cell receptor) mediated pathway involving nur77; 20 (c) irradiation that causes DNA damage and switches on p53, 8 (d) CD437 that acts on the retinoic acid receptor (RAR)g; 7 and (e) anti-Fas antibody that crosslinks the Fas receptor. 21 In earlier studies transglutaminase was found to be induced as a consequence of all the aforementioned apoptotic signals except Fas stimulation. 21 In the present experiments the effect of these signals was tested on the thymic apoptotic program of the TG26 and TG27 mice. Similarly to dexamethasone, all of these signals led to significant involution of the thymus within 24 h (Figure 2A ). The changes in the b-galactosidase activities were compared to that of the endogenous tissue transglutaminase. Figure 2B shows that in case of the TG27 strain 5.5, 4.5, 5.2 and 4.2-fold increases of b-galactosidase activity were detectable following dexamethasone treatment, irradiation, anti-CD3 treatment and CD437 injection, respectively; while no significant change was measured in the case of anti-Fas antibody. These data correlate well with changes in the activity of the endogenous tTG: 2.7, 4.3, 5.3, 4.6-fold increase detected in case of dexamethasone treatment, irradiation, anti-CD3 and CD437 injection, respectively, while no increase following anti-Fas antibody treatment ( Figure 2C ). Thymic samples of the TG26 mice followed this pattern, however in a less pronounced manner (3.4, 2.3, 2.9 and 1.6-fold increase in the reporter enzyme activity, respectively).
In vitro apoptosis of thymocytes
Since mouse thymocytes can be easily isolated and induced to die in vitro by all the stimuli used in vivo, it was investigated, whether endogenous tTG or the reporter gene also responds to the apoptotic signals during in vitro apoptosis induction. Thymocytes were induced to die by 10 mg/ml coated anti-CD3 antibody, 1 mM dexamethasone-acetate, 1 mM CD437 and by 5 Gy of irradiation. The development of apoptosis was followed by detecting the amount of DNA fragmented, which was 39.5+5.8, 58.8+5.8, 71.2+5.4 and 75.6+3.2% at 6 h after anti-CD3, dexamethasone, CD437 treatment and irradiation, respectively. Despite of the development of the apoptosis no increases in the tTG and b-galactosidase activities were detected (data not shown).
Mammary gland
The mammary gland undergoes a reproductive remodelling termed involution following the removal of the suckling stimulus at weaning. This process is initially characterised by a rapid decrease in milk synthesis, followed by programmed cell death of the secretory epithelial cells 22, 23 and proteolytic degradation of the extracellular matrix. The induction of tTG was reported to be part of the death program of the secretory epithelial cells. 24 To examine whether the promoter fragment of our transgene construct is able to direct the b-galactosidase induction in this physiological apoptosis, the reporter enzyme activity was measured during lactation and at 3, 6 and 9 days after weaning in TG26 and TG27 mice. Figure  3 shows that there was almost no activity in the lactating gland, while 5.79 and 13.4 times higher activity was measurable at day 3 of involution and a reduced but still 3.03 and 7.3-fold higher activity was detected at the 6th day after weaning in the TG26 and TG27 strains, respectively. At day 9 the activity returned to the basic value detected in the lactating mammary gland in both strains.
To further examine the expression of the transgene construct b-galactosidase enzyme histochemistry was performed using X-gal substrate (Figure 4 ). While there was no detectable level of b-galactosidase in the lactating gland ( Figure 4A ), at day 3 after weaning the strong blue Figure 4B ). The intensity of the staining decreased in a restricted but similar pattern by day 6 of involution ( Figure 4C ). To verify that the dying cells are the ones that express the b-galactosidase enzyme, the X-gal enzyme histochemistry was followed by a terminal uridine nucleotide end labelling (TUNEL) reaction at day 3 of involution. The blue product produced by the expressed bgalactosidase in the rings of dying secretory epithelial cells demonstrated good correlation with the distribution of the brown apoptotic nuclei ( Figure 4D ). Sixty-seven per cent of the cells in the section showed TUNEL positivity, 86% of these TUNEL positive cells expressed the b-galactosidase and 14% of the cells were single positive for the reporter enzyme. In agreement with our previous observation the single b-galactosidase positive cells very likely represent the early apoptotic cells in which the tTG upregulation precedes the degradation of nuclei. 21 
Ovary
In the luteal phase of the ovarian cycle there is vascularisation and hypertrophy in the luteal cells. If the egg is fertilised, the luteal cells proliferate longer and produce progesterone. The luteolysis ± the structural and functional regression of the corpus luteum ± begins sometime between day 16 of pregnancy and the day of parturition. It has been reported that the luteal cells die by programmed cell death during luteolysis and gonadotropins are survival factors for these cells. In our experiments it was addressed whether the transgene construct directs the induction of the reporter enzyme during luteolysis in the TG26 and TG27 mice. The measurement of b-galactosidase activity revealed that during pregnancy almost no activity was detectable. At the day of parturition this value was increased by 4.8 times, after 3 days of parturition the activity had a peak with 9.7 times increase and at day 6 increased enzyme expression was not detectable in TG27 mice ( Figure 5) . b-galactosidase activities of the TG26 strain followed this pattern but in a restricted scale. At the day of parturition the activity increased to 153% of the activity measured during pregnancy, by day 3 after parturition this value further increased to 257% and at day 6 the activity decreased back to a value not significantly different from activity measured during pregnancy. Similar pattern was produced by X-gal enzyme histochemistry made on the TG27 strain ( Figure 6 ). No staining was visible at day 14 of pregnancy ( Figure 6A ). The expression became apparent at the day of parturition ( Figure 6B ) that further intensified by the third day postpartum ( Figure  6C ). There was no detectable b-galactosidase activity at day 6. The co-localisation of the apoptotic cells and the reporter expressing cells was also examined and it revealed that the dying cells contained the product of the LacZ gene ( Figure 6D ): 43% of the cells showed the brown colour of the TUNEL staining, 83% of these cells was positive for X-gal staining and only 5% of the cells was b-galactosidase positive without a positive TUNEL reaction. 
Tissue specific expression
To determine whether the elements of the 3.8 kb 5' flanking segment of the mouse tissue transglutaminase gene are sufficient to drive the tissue specific expression in adult animals, the activity of the coupled b-galactosidase was measured in various tissues of TG26 and TG27 mice and was compared to that of the endogenous tissue transglutaminase. As shown in Table 1 , endogenous tTG activity was detected in most of the examined tissues. The tissue specific distribution of the reporter gene showed the same pattern in both the TG26 and the TG27 mice, however TG26 mice displayed generally lower activities in all the examined tissues. b-galactosidase activity was detectable in thymus, spleen and in small intestine, tissues characterised by high endogenous apoptotic turnover, and in kidney where the final stage of differentiation with high rate of apoptosis was reported in 4 weeks old mice. 26 The brain, lungs, heart and liver on the other hand failed to show significant reporter enzyme activity.
Comparison of the b-galactosidase activities to the endogenous tTG activity revealed that the low bgalactosidase activity found in brain correlated with the low endogenous tTG activity, while no correlation was found in the case of lungs, heart and liver.
To exclude the possibility that the observed differences in the enzyme activities are related to a possible tissue specific difference in the turnover of the two proteins, a semiquantitative RT ± PCR was carried out to detect the mRNA of the b-galactosidase construct. As shown in Figure  7 high levels of b-galactosidase mRNA were detected in tissues with high b-galactosidase activity, faint level was found in the lungs, while no mRNA was detected in the brain, liver and heart. These data suggest that the observed difference between the activities of the endogenous enzyme and b-galactosidase is not related to different protein turnover rates but rather reflects the lack of transcriptional response of the 3.8 kb fragment of the tTG promoter.
The parallelism of the data resulted from the study of the two founder lines (TG26, TG27) in all the three examined tissues proves that the transgene construct showed a specific response that cannot result from positional effects caused by the random insertion of the promoter structure.
Discussion
Intense research of the past few years has described many aspects of the biochemical program of apoptosis. However, most of our understanding derives from cells that are easy to maintain in culture such as cells of haematopoetic origin and malignant cell lines. There is an increasing concern in the field that these cell cultures do not mimic the whole biological program of apoptosis manifested in the context of a tissue environment. 27 A good example for the discrepancy between the in vivo and in vitro apoptotic program is the behaviour of tissue transglutaminase. While the enzyme was shown to be induced in various apoptotic systems in vivo, 18 many cells fail to upregulate tTG during apoptosis in vitro. 28 That is why we have decided to study the apoptotic regulation of tTG under in vivo conditions using the transgene strategy.
At least three regulatory processes appear to contribute to the control of tissue transglutaminase expression in vivo. A distinct pattern of tissue specific expression, 13 regulation by retinoids 29 and induction of apoptosis by various signals. 30 ± 32 In our studies models in which transcription factors responsible for apoptosis induction have already been described were selected. In the thymus stimulation of TCR-associated CD3 molecule with a specific antibody, 33 high levels of glucocorticoids, 5 treatments leading to DNA breaks ± such as ionising radiation, 34 retinoids 7 and crosslinking of the Fas receptor 21 all induce apoptosis. The Figure 7 Transgene derived mRNA levels in various tissues of the TG27 mice. The LacZ and b-actin mRNA transcripts were copied to cDNA and then amplified in a PCR reaction using total RNA isolated from the tissues (lungs, liver, thymus, kidney, spleen, small intestine, heart and brain) of TG27 mice. 35 while DNA damage induces protein phosphorylation. 36 Each of these pathways appears to utilise different sets of transcription factors with the exception of the Fas system where no new protein synthesis is required. Glucocorticoid and retinoid receptors belong to the zinc finger nuclear receptor family. The immediate-early gene, nur77, and AP-1 are induced in response to TCR signals. 20, 37 DNA damage leads to p53 induction which is essential to transmit the lethal effect of ionising radiation. 8, 38 Nuclear accumulation of p53 has also been reported in the luteal cells of ovary destined to die. 39 Involution of the mammary gland, on the other hand, seems to be mediated via AP-1 bound transcription factors. The program is initiated by the lack of the suckling stimulus that activates PKA and increases the DNA binding activity of AP-1 followed by the expression of various AP-1 regulated proteins involving the c-fos, junD, c-jun, transforming growth factor-b1, gas-1 and stromelysin 1. 23, 40, 41 The data presented in this study demonstrate that the transgene derived from the tTG promoter is induced in each of the studied in vivo apoptotic system where the requirement for new protein synthesis has been reported proving that transcriptional regulation of tTG expression is part of the in vivo apoptotic program of many cell types. On the other hand, neither the endogenous tTG nor bgalactosidase activities were induced by the Fas system that was shown to be independent from new protein synthesis. The fact that the promoter of tTG was able to drive the expression of the reporter enzyme during apoptosis induced by such a wide array of apoptotic stimuli suggests that the 3.8 kb fragment of the tTG promoter contains all the cis acting elements required to drive apoptosis specific expression in vivo.
From these potential response elements in the promoter of tTG the retinoid response element is the only one which has been characterised so far and was found to be within the 3.8 kb fragment of the promoter. 42 In the mouse promoter no consensus glucocorticoid, nur77 or p53 response elements have been found, but the human promoter was shown to contain one potential glucocorticoid response element (TGTACAGCTTGTTCT) and one potential AP1-binding site (TGTGTCAG) within the 1.7 kb upstream DNA segment. 43 By sequence comparison there are three potential AP-1 sites located in the 3.8 kb fragment of the mouse promoter. Detailed studies have revealed that one of them is active during mammary gland involution (Gaal and Fesus, unpublished results) suggesting direct regulation of the transglutaminase promoter by AP-1 complexes. Induction of endogenous tTG following irradiation seems to be p53 dependent, since no induction of the enzyme was observed in the p537/7 mice (Szondy and Wyllie, unpublished observations).
It was surprising to find that while all the above mentioned signals were capable to drive the transgene expression during thymic involution in vivo, neither the endogenous tTG nor b-galactosidase activities were induced during in vitro apoptosis of thymocytes. These observations suggest that factors available only in a tissue context are necessary for the upregulation of the tissue transglutaminase. Since thymocytes could enter the apoptotic program under in vitro conditions even in the absence of the induction of the enzyme, our observations also suggest that its in vivo role may not be directly related to the molecular events of killing, but rather to those occurring only in vivo such as phagocytosis or tissue remodelling. To support this hypothesis tTG has been reported to be externalised from cells and to modify the extracellular matrix. 14, 15 Alternatively various signal transduction pathways for death are initiated under in vivo and in vitro conditions and one of them involves tTG, while others do not.
Our reported data show that while there is a general agreement between the expression of the transgene and endogenous transglutaminase in tissues characterised by high apoptotic turnover, there are sites where such parallelism cannot be found. Endogenous tTG is expressed in heart and liver but we detected no evidence of the transgene expression in either of these tissues. Neither was expression of the transgene construct found in these tissues during embryogenesis. 19 These observations suggest that the 3.8 kb tTG promoter lacks sequences present in the endogenous gene that are necessary for the specific expression of tTG in these tissues. They also implicate that the cis-regulatory sequences necessary for the expression of tTG in apoptotic cells are different from those regulating the expression of the enzyme in parenchymal tissue such as liver and heart.
Materials and Methods

Experimental animals
Two founder lines (TG26 and TG27) of a transgenic mouse strain carrying the 3.8 kilobase long proximal fragment of the tissue transglutaminase gene coupled with bacterial b-galactosidase reporter enzyme characterised previously 19 were used in the experiments. The transgene carrying individuals were selected by PCR (polymerase chain reaction) detecting the lacZ gene. Apoptosis was induced by intraperitoneal injection of 0.3 mg dexamethasoneacetate, 0.4 mg CD437 (6-(3-(1-Adamanthyl)-4-hydroxyphenyl)-2-naphtoic acid), 20 mg anti-CD3 (clone: 145-2C11), 9 mg anti-Fas (Jo2) monoclonal antibodies or by irradiation (5 Gy).
Cell culture with thymocytes
To follow the in vitro regulation of tTG and the reporter gene, thymocytes of 4-week-old mice were isolated and cultured by mincing the glands in RPMI 1640 media (Sigma Chemical) supplemented with 10% foetal calf serum (GIBCO, Grand Island, NY), 2 mM glutamine, penicillin and streptomycin. Thymocytes were washed three times and diluted to a final concentration of 10 7 cells/ml before incubation at 378C in a humidified incubator under an atmosphere of 5% CO 2 /95% air. Cell death was measured by trypan blue uptake. A total of 95 ± 98% of cells routinely excluded trypan blue after the isolation procedures. Thymocytes were induced to die in 24-well plates by 10 mg/ml coated anti-CD3 antibody, 1 mM dexamethasone-acetate, 1 mM CD437 or by 5 Gy of irradiation. After 6 h, 0.8 ml of cell suspension was lysed by the addition of 0.7 ml of ice-cold lysis buffer containing 0.5% (v/v) Triton X-100, 10 mM Tris and 20 mM EDTA (ethylene diamine tetraacetate), pH 8.0. Then the samples were centrifuged for 15 min at 13 0006g. DNA of the supernatants (DNA fragments) and pellets (intact chromatin) were prepared for determination of DNA fragmentation by diphenylamine reagent and for DNA agarose electrophoresis as described previously. 44 The degree of fragmentation correlated well with the number of trypan blue positive dead cells throughout the experiments.
Polymerase chain reaction (PCR)
The transgene carrying mice were identified by amplifying a fragment of the reporter gene. A piece of tails of 3-week-old mice was cut and digested overnight at 608C in 1 mg/ml proteinase K, 500 mM Tris, 100 mM EDTA, 100 mM NaCl and 1% sodium dodecyl sulphate 
b-galactosidase activity measurement
A luminometric method was used; 24 h after treatment thymi of treated and control animals were collected, washed in PBS. The lysis and the measurement were carried out according to the description of the Galacto-light chemiluminescent reporter assay kit (Tropix). After lysing the cells a 50-min incubation at 488C in the presence of protease inhibitors (0.5 mg/ml leupeptin, 0.1 mg/ml chymostatin, 1.0 mg/ml aprotinin and 1 mM phenyl methyl sulfonyl fluoride) was included in the procedure in order to inactivate the endogenous b-galactosidases. 45 The enzyme activity was expressed in RLU (relative light unit)/h/mg protein.
b-galactosidase ELISA
Twenty-four hours after treatment thymi of treated and control animals were collected, washed in PBS. Thymi were homogenised, and the bgalactosidase protein concentration was detected with the help of a bgalactosidase ELISA kit (Boehringer Mannheim), according to the manufacturer's instructions. b-galactosidase concentration was expressed as pg enzyme protein/mg total cellular protein.
Reverse transcription-polymerase chain reaction (RT ± PCR)
The RT ± PCR was performed from total RNA isolated with the Promega RNagent kit. cDNA synthesis: 2 mg total RNA with the random hexamere primer, reverse transcriptase buffer (50 mM TrisHCl (pH 8.3), 50 mM KCl, 10 mM MgCl 2 , 0.5 mM spermidine and 10 mM DTT) denatured at 708C for 5 min, then the reaction mixture was chilled on ice. Twenty units of AMV reverse transcriptase (Promega), 2.5 mM of each dNTP and 40 units RNasin (Promega) were added (total volume was 25 ml) and the mixture was incubated at 428C for 1 h to synthesise cDNA. Five microlitres of the cDNA was used to amplify the b-galactosidase and a 247 bp region of the b-actin cDNA. The PCR conditions were the same as for the PCR of the genomic DNA, except the number of cycles that was 32. b-actin primers: upstream primer: 5'-TGC GTG ACT ACC TAC GGG TAA CAG T; downstream primer: 5'-GAT CGA CAG ATT TGA TCC AGC GAT A.
X-gal enzyme-histochemistry
After treatments 5 mm thick frozen sections were made. Sections were fixed in 0.25% glutaraldehyde for 5 min at room temperature, the fixative was removed by washing three times with PBS, and then the staining solution (0.2% X-Gal 5-bromo-4-chloro-3-inodyl-b-D-galactosidase (stock: 20 mg/ml dimethylformamide), 1 mM MgCl 2 (stock: 1 M), 150 mM NaCl (stock: 0.45 M), 33 mM K 4 Fe(CN) 6 63 H 2 O (stock: 0.1 M), 33 mM K 3 Fe(CN) 6 (stock: 0.1 M)) was added. Specimens were incubated overnight in a humid chamber at 378C, after it the excess staining solution were rinsed with distilled water and the specimens were mounted.
In situ apoptosis detection
Five micron-thick frozen tissue samples were made and fixed in acetone (10 min, room temperature), washed in PBS. The washing was followed by a Proteinase K treatment (20 mg/ml, 15 min at room temperature) and a 5 min hydrogen peroxide treatment. The sections were air dried, equilibrated and then incubated for 1 h at 378C with terminal transferase (TdT) enzyme in the presence of digoxigenine labelled dUTP. The digoxigenine built in the fragmented DNA was detected by alkaline phosphatase conjugated antidigoxigenine antibody.
